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Abstract 
Background: Type I diabetes mellitus (T1DM) with growing frequency 
which is considered as a world health threatening problem is an 
autoimmune disease with insulinupenia. Considering the relationship 
between the incidence of T1DM and environmental factors, the aim of 
this study was to assess seasonal incidence of T1DM and its association 
with birth season.  
Methods: This cross-sectional study was conducted on 112 diabetic 
patients (66 males, 46 females) less than 18 years, referred to Pediatric 
Endocrine Clinic (Amirkola Children's Hospital) during 2011-2017. All 
the needed information was extracted from the patient's files and asking 
questions of their parents. Data were collected in a checklist. Comparison 
between different seasons and age groups was done by Pearson's chi-
square test. Data were analyzed using SPSS 19 and p0.05 was 
considered significant level. 
Results: The mean age of the patients during diagnosis of T1DM was 
7.34±3.70 years. The incidence of T1DM was significantly increased in 
the cold seasons (especially winter) (P<0.008). A more increased 
incidence was seen in cold seasons in the aged group of 5-9 years old 
compared to other groups. However, no significant difference was found 
in all groups in terms of birth season.  
Conclusions: The results of this study suggest the effects of season as an 
environmental factor on diabetes incidence. This seasonal diversity is 
more prominent in the age less than 10 years. So, attention to maintaining 
the public health and to preventing from viral infections in cold seasons is 
recommended. 
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Introduction 
Type 1 diabetes mellitus (T1DM) related to environmental factors is 
an autoimmune disease with insulinupenia, 
[1]
 and considered as a world 
health threatening problem. In addition, the incidence of diabetes mellitus 
was estimated 422 million in 2014, indicating significant increase in 
T1DM 
[2]
. T1DM is increasing about 3% annually and has been converted 
to one of the important etiologies of mortality in children. Therefore, 
understanding the diabetes causes including environmental factors is very 
important. Seasonal presentation and birth season are environmental 
factors which should be considered 
[3]
. T1DM increases in seasons of viral 
infections with various mechanisms, while this result has not been clearly 
confirmed 
[4]
. The incidence of T1DM was significantly increased in cold 
months due to the elevation of blood glucose in the current infections 
[5]
. 
Of course, the results of the mentioned studies are controversial. Although 
the investigations and studies in supporting of these etiologies showed 
specific seasonal correlation and model in the past, they indicated diverse 
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results in each geographic area and specific race 
[6]
. 
Considering that the diabetes mellitus as one of the 
most common metabolic disorders in children is 
associated with early and late complications 
[7]
 and that 
the correlation between seasonal factors and diabetic 
incidence has not been surveyed in Iran; therefore, the 
aim of the present study was to investigate the seasonal 
incidence of diabetes and its relation with birth season 
of diabetic children. 
 
 
Methods 
This cross- sectional study was conducted on 112 
diabetic patients less than 18 years using census 
method. All patients who were at least 6 months after 
diagnosis were referred to Pediatric Endocrine Clinic in 
Amirkola Children's Hospital (North of Iran) during 
2011-2017. Patients with type 2 diabetes mellitus, lung 
or heart disease, immunodeficiency, neuromuscular 
disorders and cystic fibrosis were excluded from the 
current study. Needed information was collected 
through patient's files, records documented in 
Endocrine Clinic of Children's Hospital and asking 
questions of their parents. Data were collected in a 
checklist. According to the age, the patients were 
divided into four examined groups: 0-4, 5-9, 10-14 and 
15-18 years old. Overall, autumn and winter were 
considered as cold seasons as well as spring and 
summer as warm seasons.  
Comparison between different seasons and age 
groups was done by Pearson's chi-square test. Dates 
were analyzed using SPSS 19. 
 
 
Results 
Out of 112 patients with T1DM and mean age of 
10.7±2.6, 66 (58.92%) and 46 (41.07%) persons were 
male and female, respectively (the oldest was 18 years 
old and the youngest was 12 months). Their mean age 
during diagnosis of diabetes was 7.34±3.70 years old. 
The number of males with T1DM was more than that 
of females in this study, which was not statistically 
significant (P=0.73) (table 1). Considering the birth 
season, the majority of the patients were born in cold 
seasons (55.44%) including autmn and winter with 
dominance in males (37.5%=males, 16.07%=females), 
but the difference was not significant (P=0.37)). A 
significant relationship was observed between the 
season of diabetes presentation and cold seasons  
(P= 0.009) (table 1).  
Regarding the birth season, diabetes had more 
incidence in 5-10-year-old group without statistical 
significance (P= 0.071). In terms of seasonal 
presentation of diabetes, there was a significant 
increase in 5-10-year-old group (P= 0.008) (table 2).  
 
Table 1. Relationship seasons (birth and incidence of disease) and sex in diabetic children of study 
Seasons Male, N (%) Female, N (%) Total, N (%) 
Season of birth 
Spring 9 (8) 10 (8.9) 19 (16.96) 
Summer 15 (13.3) 17 (15) 32 (28.57) 
Autumn 28 (25) 12 (10.7) 41 (36.60) 
Winter 14 (12.4) 6 (5.36) 20 (17.85) 
Total 66 (58) 46 (41) 112 (100) 
Incidence of disease 
Spring 3 (2.6) 7 (6.25) 10 (8.92) 
Summer 12 (10.7) 3 (2.6) 15 (13.39) 
Autumn 12 (10.7) 5 (4.46) 17 (15.17) 
Winter 39 (34.8) 31 (27) 70 (62.5) 
Total 66 (58.9) 46 (41) 112 (100) 
 
Table 2. Relationship seasons (birth and incidence of disease) and age in diabetic children of study 
Seasons 
Age of incidence of disease (years old) 
Total 
0-4 5-9 10-14 15-18 
Season of birth 
Spring 5 (4.46) 20 (17.8) 6 (5.3) 2 (1.7) 33 (29.46) 
Summer 1 (0.89) 22 (19.6) 6 (5.3) -- 29 (25.89) 
Autumn 2 (1.7) 18 (16) 4 (3.5) 2 (1.7) 26 (23.21) 
Winter 2 (1.7) 12 (10.7) 6 (5.3) 4 (3.5) 24 (21.42) 
Total, N (%) 10 (8.92) 72 (64.28) 22 (19.64) 8 (7.14) 112 (100) 
Incidence of disease 
Spring 2 (1.7) 22 (19.6) 1 (0.86) -- 25 (22.32) 
Summer 3 (2.6) 16 (14.2) -- 3 (2.6) 22 (19.64) 
Autumn 2 (1.7) 30 (26.6) 4 (3.5) -- 36 (32.14) 
Winter 4 (3.5) 18 (16) 5 (4.4) 2 (1.7) 29 (25.89) 
Total, N (%) 11 (9.82) 86 (76.87) 10 (8.92) 5 (4.4) 112 (100) 
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Discussion 
In the present study, the diabetes presentation was 
more in cold seasons than warm seasons. In a European 
study, the seasonal diversity of diabetes presentation 
had obvious increase in all age groups, especially in 
girls, in cold months 
[4]
, which is similar to our study.  
Like the current study, the frequency of diabetes 
mellitus was more in males than females in another 
study without statistical significance (P=0.73) 
[8]
. 
The other study like ours suggested that there was 
no relationship between diabetes mellitus and birth 
date, which was due to the low population 
[9]
. Of 
course, multicentric studies are necessary because of 
low prevalence of T1DM in general population 
[9]
. 
In 2009, Molthanova et al.'s study indicated that the 
diabetes might have seasonal model and believed that 
the geographic area affected diabetes incidence in cold 
seasons 
[4]
, but in the present study, the geographic 
diversity was not considered due to the regional 
propinquity and similarity of near cities in geographic 
status.  
In contrary to the current study, an investigation in 
Netherland found a noticeable peak of disease in warm 
season based on birth date, while in parallel to the 
present study, diabetes presentation increased 
significantly in winter 
[10]
. 
In another study, the seasonal and geographic 
diversity obviously correlates with birth season, which 
is in agreement with the current study 
[10]
.  
In a study, different causes for T1DM and increased 
incidence of diabetes in autumn and winter were 
described 
[8]
. 
Explanation of this matter that "why diabetes 
incidence is higher in cold seasons" is very difficult 
and requires more and vast studies 
[11]
. 
Another study on type 2 DM was done to determine 
the effective factors on seasonal incidence of disease 
and revealed that the incidence peak of type 2 DM was 
in warm seasons, in contrary to the present study 
[12]
. 
This discordant result may be due to the difference 
in pathophysiologic fields and effect of genetic factors 
in types 1 and 2 diabetes mellitus. 
In conclusion, the current study shows the seasonal 
superiority of diabetes incidence with the highest 
incidence in cold seasons and the lowest incidence in 
hot seasons. These results may indicate the impact of 
environmental factors on the incidence of diabetes in 
children, which, of course, requires a further study with 
more and even more multi-center samples. So, 
attention to maintaining public health and to preventing 
from viral infections in cold seasons is recommended. 
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